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Cointegration and Causality among the Onshore and Offshore 
Markets for China's Currency 
 
 
 
Abstract 
 
China has taken steps to develop offshore markets for renminbi trading and to liberalize 
exchange-rate determination in its onshore market. We examine the interaction between onshore 
and offshore markets with attention to how the interaction has been affected by widening of the 
onshore trading band first in April 2012 and further in March 2014. Ties between the onshore 
and offshore markets were closest before the first band widening and steadily loosened 
thereafter. We further study the cointegration and lead-lag effects between offshore and onshore 
spot and forward markets and show that there is a long-term equilibrium relationship between 
any pair of them. Our results suggest stronger causality running from the spot onshore rate to the 
spot offshore rate than vice versa. Between the spot and forward markets, there is evidence of 
bidirectional linear and nonlinear causality, which implies foreign impulses have had an 
influence on the domestic market. 
 
 
 
Keywords: RMB; onshore and offshore markets; spot and forward markets; liberalization; 
cointegration 
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1. Introduction 
 
The offshore spot market for the Chinese renminbi (RMB), commonly known as the CNH 
market, has grown phenomenally since its inception in July 2010. Forward markets were also 
established for both onshore and offshore transactions. Another mature market used for offshore 
forward transactions is the non-deliverable forward (NDF) market, which was specially 
established for the not-fully-convertible currencies of countries with capital controls. Thus there 
are now three forward markets for the RMB, prompting interest in their lead-lag relationships 
with the spot markets. While the onshore market is more established, it faces restrictions and 
controls by the Chinese central bank. By contrast, the offshore markets are more likely to reflect 
market sentiment and expectations. Transactions on the CNH market, which is relatively new, 
are based on the underlying currency, giving it an advantage over an NDF market that is entirely 
settled in US$ and is expected to dry up as the RMB becomes fully convertible. 
China has been rapidly liberalizing its currency, stock, and bond markets in recent years. To 
enhance exchange-rate flexibility, in April 2012 and again in March 2014, the Chinese 
authorities widened the daily foreign exchange trading band, first from ±0.5% to ±1% and then 
to ±2%. This band governs the permitted degree of fluctuation in the currency within a trading 
day and determines the extent to which the RMB’s movements reflect market forces rather than 
governmental guidance. The band was initially set at ±0.3% in 1994 and stood for over a decade, 
before it was raised to ±0.5% in 2007, which predated the formation of the overseas CNH market 
that we investigate in this paper. The widening of the bands have potentially far-reaching 
implications for the RMB in both its onshore and offshore markets. For instance, this widened 
band became critical when the Chinese central bank announced a surprise devaluation of the 
RMB by 1.86% on August 11, 2015 in an effort to revive China's flagging economy, thus 
pushing the exchange rate to the lower bound of that widened range. 
Earlier studies considered the lead-lag effects between the forward NDF rates and the 
onshore spot rate, noting that the two markets were driven by different participants with different 
exchange-rate expectations. Our study does not suffer from this peculiarity, because the sample 
period is restricted to a time when the onshore forward markets, as well as the offshore CNH 
spot and forward markets, were in operation. In addition, we consider: (a) both cointegration and 
Granger causality between corresponding pairs of onshore and offshore exchange rates; (b) 
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nonlinear Granger causality (Baek and Brock, 1992; Hiemstra and Jones, 1994; Bai et al., 2011, 
2012); (c) one-period-ahead forecasts of out-of-sample data (Chiang et al., 2010); and sub-period 
cointegration and causality of the daily exchange rates for the same time horizon (e.g. spot 
versus spot, one-month forward versus one-month forward, etc). This horizon-matching is 
crucial in uncovering the differences in causal behavior across the different time horizons. 
Among the most closely-related papers that have preceded ours, Peng et al. (2007) also 
noted that NDF pricing efficiency is restricted by the lack of a benchmark spot curve. We 
sidestep this difficulty by including the new CNH market, which has a spot market akin to its 
onshore counterpart, and the results are the same whether NDF or CNH exchange rates are used 
to represent the offshore rates, thus eliminating the possibility of this effect adversely affecting 
our inferences.  
The more recent Ding et al. (2013) study of the new CNH, NDF, and onshore markets 
suffers from relying upon a relatively small sample, which may have masked the cointegration 
between the onshore market and the two offshore markets that our more extensive sample brings 
to light, a result that is consistent with the literature at large. Previously, Colavecchio and Funke 
(2008) employed multivariate GARCH models to study volatility spillovers between the Chinese 
non-deliverable forward market and seven of its Asia-Pacific counterparts, while Colavecchio 
and Funke (2009) applied SWARCH models to study the volatility dependence across 
Asia-Pacific onshore and offshore currency forward markets. To the best of our knowledge, ours is 
the first paper to cut as wide a swath as we do and apply it to such an extensive data base. 
By comparing the RMB exchange rate in the onshore and offshore markets in terms of spot 
and forward rates (one-month, three-month, six-month, and 12-month), we are able to determine 
whether the causality properties differ across different time horizons, which was indeed revealed 
to be the case.  
In particular, we find that all of the daily exchange rates of the Chinese RMB onshore 
(CNY), offshore (CNH), and offshore non-deliverable forward markets (NDF) have a unit root 
of order one. In addition, differing from the findings of no cointegration (see, for example, Ding 
et al., 2013) and cointegration (see, for example, Yang and Leatham, 2001) in the literature, we 
find that all pairs are cointegrated, thus implying that there exists a long-term equilibrium 
relationship between any pair of those markets and the offshore non-deliverable forward 
markets. Still further, since all our data series are shown to be first-order integrated, using an 
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error-correction mechanism we examine whether there is any Granger causality between the 
markets. And indeed, for the spot markets we find that there is stronger causality running from 
the onshore exchange rates to the offshore rates, but that there tends to be more symmetrical 
bidirectional causality in the forward markets. This suggests that domestic market participants 
have an informational edge over those in the offshore markets, but only in the very short term. In 
the short term, rumors regarding central bank moves, policy changes, data releases, and other 
transient factors may draw more attention, hence giving the domestic market an advantage. 
Nevertheless, we also find that there is a strong nonlinear causal relationship between any pair of 
the daily exchange rates, which in turn, implies that there exist some nonlinear relationships 
among the markets. 
Our sub-period analysis shows that the ties between exchange rates differ in the three 
sub-periods that are delineated by the two breakpoints of April 14, 2012 and March 15, 2014. 
The former marks the announcement of the widening of the exchange-rate band from ±-0.5% to 
±1%, the latter from ±1% to ±2%. The differences are initially suggested by the descriptive 
statistics for the three sub-periods. Subsequent stationarity tests show that (a) all the exchange 
rates in sub-period 1 are stationary, (b) some exchange rates are stationary and some are not in 
sub-period 2, and (c) all exchange rates follow random walks in sub-period 3. This finding 
implies that the exchange-rate movements were most predictable in sub-period 1, became less so 
in sub-period 2, and were basically random in sub-period 3.  
The findings of our cointegration analysis in the sub-periods are also striking. We find that 
the “cointegration” coefficients from the onshore and offshore exchange rates are close to unity 
in the first sub-period, move away from unity in the second sub-period, and drift far away from it 
in the third-sub-period. This further implies that the ties between the onshore and offshore 
markets were closest during the first sub-period, with hints of causality therein, before steadily 
loosening thereafter. Our forecasting analysis shows the out-of-sample causality forecasts to, on 
occasion, be consistent with that of the in-sample estimates. We also find many cases, however, 
in which, anomalously, those forecasts match in one direction (e.g., up) but do not match in the 
other (e.g., down).  
Our results affirm the findings of Tian and Chen (2013) that the RMB is heavily influenced 
by the interventions of the Chinese central bank, and so these moves should be felt in the onshore 
market. The appreciating RMB has, for instance, led to speculative capital inflows whose 
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onshore impact the Chinese authorities - that is, the central bank – were able to effectively 
neutralize on a sustained basis (Ouyang et al., 2010). Given the frequent intervention of the 
Chinese authorities and the greater influence they wield over the onshore market, the direction of 
causality should therefore run more strongly from there to the offshore market, which we found 
to be true for the spot exchange rate, which the central bank directly influences. Our findings are 
also consistent with those of Liu and Pauwels (2012), who found that external political pressures 
from outside China did not affect the levels of either the onshore or the offshore exchange rates. 
If external political pressure had been a factor, we should have found stronger causality from the 
offshore to the onshore markets, since the former would have an advantage in such news.  
Our main goal is to determine the impact of the widening of the permissible band for the 
RMB exchange rate on the dynamics between the various onshore and offshore RMB markets. 
These band-widening moves are expected to materially affect the interrelationships between 
these markets because of the enhancement of exchange-rate flexibility in the onshore RMB 
market. As the onshore exchange rate becomes more flexible, it would better reflect the same 
market forces that drive the offshore markets, which would imply a stronger causal effect 
running from the offshore to the onshore rates. In addition, the greater onshore exchange-rate 
flexibility would also help to transmit onshore information overseas through price movements, 
thus strengthening the signaling function of the onshore RMB exchange rate to market 
participants abroad. 
After the two exchange-rate-band-widening moves in 2012 and 2014, the greater flexibility 
of the onshore exchange rate would plausibly cause it to be more influenced by the market forces 
that drive the offshore markets. This would in turn result in the offshore and onshore RMB levels 
becoming increasingly in step with each other. When this liberalization is carried to the extreme, 
one would anticipate the onshore and offshore markets to become one single homogenous 
market. Given this, we expect the causality between the offshore and onshore RMB to decline 
after each of the band-widening moves, as the two exchange rates increasingly move in step with 
each other. 
The paper proceeds as follows. The next section provides a brief literature review, which is 
followed by a discussion of data issues and our approach. We present our empirical results in 
Section 4 and discuss our nonlinear causality results in Section 5. Section 6 presents the 
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sub-period analysis and Section 7 that of the forecasts. We then draw our conclusions. The 
appendix presents an overview of the various Chinese currency markets. 
 
2. Literature review 
 
The NDF market started in the early 1990s, and the forward rates for the Asian currencies 
received much more attention after the Asian currency crisis in 1997. In addition to the papers 
cited in the previous section, several others are directly related to our work, and in the interests 
of completeness, we briefly mention them here. 
Fung et al. (2004) provide a detailed description of the NDF market for the RMB. A number 
of researchers have examined the relationship between the onshore spot and the offshore NDF 
exchange rates for various currencies (Cadarajat and Lubi, 2012; Park and Rhee, 2001; Gu and 
McNelis, 2013). Among those studies that focused on the RMB, Yang and Leatham (2001) 
found the offshore NDF and onshore CNY exchange rates to be cointegrated, although this 
cointegration emerged only after partial currency convertibility was allowed in March 1996. 
Ding et al. (2013) failed to detect cointegration with a very short 21-month sample period. In 
general, the evidence in the literature is supportive of cointegration, whether for the RMB or for 
other currencies, with NDF markets (Park, 2001; Jeon and Seo, 2003). This might lead one to 
anticipate that while the onshore and offshore RMB exchange rates may diverge in the short 
term, in the long term they will tend to move in tandem.  
 The natural question thus arises as to whether there is Granger causality in either one or 
both directions between the onshore and offshore exchange rates. The literature has reported 
mixed results. For instance, Peng et al. (2007) noted that, despite trading and capital restrictions, 
sentiment can spill over between the onshore and offshore markets and that over time the relative 
contribution of price leadership has shifted between the onshore and offshore centers. We 
provide a more complete answer in the work that follows. 
 
3. Data and approach 
 
The sample period starts from the date at which the offshore RMB market was established, 
which is August 23, 2010. The sample period ends at the end of 2014, which covers the two 
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RMB band-widening moves in April 2012 and March 2014. These two dates then become the 
breakpoints at which we will analyze whether there has been any impact on the 
interconnectedness of the various RMB markets. 
Our data comprise the daily exchange rates for the RMB onshore (CNY), offshore (CNH), 
and offshore non-deliverable forward markets (NDF). CNY refers to the onshore forward 
exchange rate at the different respective time horizons, including 0, 1, 3, 6, and 12 months in 
which CNY 0-month refers to the onshore RMB (0-month) spot rate and CNYxM refers to the 
x-month-ahead onshore forward exchange rate for x=1, 3, 6, and 12. CNHxM refers to the 
x-month-ahead offshore forward exchange rate and NDFxM refers to the x-month-ahead 
offshore forward exchange rate in the offshore non-deliverable forward markets for x = 1, 3, 6, 
and 12. In addition, we have the CNH spot rate, which is the offshore RMB spot rate, or simply 
the offshore RMB. Each of the three RMB markets (CNY, NDF, and CNH) involves four 
forward exchange rates, and there are two RMB spot markets (onshore and offshore). Thus we 
will be working with a grand total of 3*4 + 2 = 14 basic time series.   
All data are from Bloomberg. Daily data are used from August 23, 2010 to January 31, 2015. 
We use the data from August 23, 2010 to December 31, 2014 to undertake a Granger causality 
analysis to determine the causality relationships between all pairs of corresponding forward 
markets (i.e, 1M, 3M, 6M, and 12M) in the three RMB markets. Specifically, the four CNY and 
CNH pairs, the four CNY and NDF pairs, and the four CNH and NDF pairs. , as well as the 
pairing of the two spot markets. Since in principle, at least, any causality can run in either 
direction, we will be determining 4*3*2 + 2 = 26 possible causality relationships. When we 
cannot reject Granger causality in either direction between any market pair for a corresponding 
forward market, we have bidirectional Granger causality. Moreover, we undertake that analysis 
for both linear and nonlinear causality. We then use the data from January 1, 2015 to January 31, 
2015 for forecasting purposes, based on the linear-causality results. .  
In this paper, we study whether there is any impact in different stages of the liberalization of 
the RMB and the impact of the widening of the RMB exchange-rate band within which the 
currency is allowed to fluctuate. To do so, we divide our data into three sub-periods in accordance 
with the two breakpoints established by the widening of the RMB exchange-rate band so that each 
sub-period represents a different stage of the liberalization of the RMB. To study the relationship 
between the CNY, CNH, and NDF at the different respective time horizons in each sub-period, 
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we examine the possibility of a unit root for each series and the cointegration and linear and 
nonlinear causality relationship between two series of CNY, CNH, and NDF at the different 
respective time horizons. 
We proceed as follows. We first hypothesize that there are two break points for the RMB, 
stemming from two events: (1) a first widening of the exchange-rate band from ±-0.5% to ±1% 
on April 14, 2012; and (2) a second widening of the exchange-rate band from ±1% to ±2% on 
March 15, 2014. Employing a Perron test (Perron, 1989), we determine that all 14 of our data 
series have a unit root with structural breaks on these two critical dates, which supports our 
two-break-point hypothesis. We further determine that subject to those two breaks the data series 
are cointegrated of order I(1). The breakpoints could reflect different stages of the liberalization of 
the RMB. In the first sub-period, when the band is narrow, the RMB is under strong control by the 
Chinese government. In the second sub-period, the RMB exchange rate is more liberal, while in 
the third sub-period, with the further widening of the band, the rate is yet more liberal. 
To examine the co-movements among the three markets with these two breakpoints, let: (1) 
Xt and Yt  represent one of the 24 pairs of time series of comparable time-horizons developed by 
coupling two RMB markets; (2) D1t (D2t) denote a binary dummy variable that is equal to unity 
when t precedes April 14, 2012 (March 15, 2014) and is zero otherwise; and (3) εt denote a 
random-error term with the usual normality properties. We first estimate the cointegrating 
parameters δ1 and δ2 in Eq. (1):   
                    0 1 1 2 2 3t t t t tY D D X         .                 (1) 
If the residuals of Eq. (1) are stationary, the two series Xt and Yt are cointegrated with structural 
breaks on the identified dates. We take Xt and Yt to be onshore and offshore rates of different 
forward time horizons because different horizons could have different impacts on any 
cointegration relationship. 
We then go on to use an error-correction mechanism to examine whether exchange-rate 
changes in one market, such as an offshore RMB market, say CNH, Granger-cause changes in a 
second RMB market, such as the NDF market, with different lead-lag structures. We further 
explore whether given such causality it can be said to be unidirectional or bidirectional.     
 The Granger representation theorem states that if two variables, Y and X, are cointegrated, 
an error-correction term, , 1 1 0 1 1ˆ ˆ Y t t te Y X      , determined from Eq. (1), can be included in the 
following equations to test for Granger causality:  
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where 1t t tY Y Y    , 1t t tX X X    , n and m are the optimum lags, and tu 1 and tu2  are 
random-error terms. 
The existence of cointegration implies causality among the set of variables as manifested by
0    where   and   denote speeds of adjustment (Engle and Granger, 1987). If we do 
not reject the hypothesis that 21 2 0m      and  = 0, then tX , say the onshore CNY, 
does not Granger-cause tY , say the offshore CNH or the NDF. Similarly, the failure to reject 
21 2 0m       and  = 0 suggests that the offshore CNH or NDF does not Granger-cause 
the onshore CNY (Granger et al., 2000). 
 
4. Empirical results 
 
In this section we consider the empirical results, starting with some descriptive statistics for the 
various exchange rates individually. To see if there are differences caused by the band-widening 
policy, this is implemented for the three sub-periods as well as the entire sample period. In 
addition, the usual unit-root and cointegration tests are conducted in order to facilitate further 
analysis. Subsequently, we use causality tests to examine the relationships between the various 
onshore and offshore RMB markets, and examine how the band-widening moves led to changes 
in these relationships. 
Table 1 presents the descriptive statistics for the daily exchange rates in the three RMB 
markets for the entire period, as well as for the three sub-periods partitioned by the two 
breakpoints. We defer our discussion of the results for the sub-periods to Section 6. 
       **** Table 1 about here*** 
The table shows that the means for all markets fall within a very narrow range, with an 
average of 6.3122. The skewness estimates reveal all series to be skewed to the right. As the 
exchange rate is measured in terms of RMB per US$, strengthening the RMB implies a declining 
exchange rate. The right-hand skew is consistent with a steeper decline at the beginning of the 
11 
 
sample period, and a slower decline as time progressed, as shown in the time-series’ plots of the 
daily exchange rates for the 12-month futures for the three markets, in Fig. 1. This finding 
provides evidence to support the conjecture that there have been pressures on the government to 
allow, and indeed to encourage, the currency to appreciate. The plots for other time frames, 
which are not displayed here, show similar patterns.  
**** Figure 1 about here *** 
Table 1 shows larger variances and thinner-than-normal tails for most of the onRMB (onshore 
RMB), offRMB (offshore RMB) markets with earlier expiration dates. The markets with 
12-month expiration dates and the NDF with a 6-month expiration date, however, possess 
fatter-than-normal tails. In addition, all exchange rates show levels of skewness and kurtosis that 
imply non-normality, which is confirmed by the statistically-significant (α = 0.01) Jarque-Bera 
statistics for all rates. 
Together with the fact that the RMB is appreciating against the US$, as shown in Fig. 1, 
highly significantly-positive kurtosis on the markets with a 12-month expiration date implies that 
there is an opportunity for highly profitable investment therein. Thus it makes sense that 
investors have to pay marginally higher prices when buying in those markets. Indeed, Table 1 
reveals that the means of OnCNY12M, OffNDF12M, and OffCNH12M are 6.3292, 6.3514, 
6.3161, respectively, each of which is higher than the corresponding rates in other time horizons, 
The latter observation supports the conjecture that there is a strong incentive for foreign investors 
to place their bets on the RMB, especially when purchasing in those markets. 
To lend further support for our hypothesis that all of our data series have structural breaks 
on both April 14, 2012 and March 15, 2014, we employ the Perron unit-root test, the results of 
which are reported in Table 2. The table shows that none of the series are stationary (α = 0.01) 
with the two significant breakpoints,2 while their differences, ΔCNY, ΔCNH, and ΔNDF are 
stationary (α = 0.01), with the two significant breakpoints. This implies that the CNY, NDF, and 
CNH data series are I(1) with the two significant breakpoints (α = 0.01).  
     ****Table 2 about here*** 
We then compute the ADF statistic to test whether (a) the residuals have a unit root and (b) 
all the pairs are cointegrated with the two structural breaks. Since there is cointegration with the 
                                                 
2  The offshore CNH 12M and offshore NDF12M are stationary (α = 0.05) as are the offshore CNH 6M and the 
offshore NDF 6M rates (but only at α = 0.10).    
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two breakpoints between all onshore-offshore exchange-rate pairs, and we expect the magnitudes 
of exchange-rate moves to differ across markets due to the different speeds of information 
transmission and hence the degree of overshooting. This expectation motivates our interest in 
testing whether the long-term cointegration is such that the dependent variable in Eq. (1) moves 
to a greater or lesser extent than does the independent variable, in response to movements in that 
variable: that is, is δ3 greater than or less than unity. To make the determination, we conduct an F 
test of the hypothesis that 3 = 1, or that in the long term the two series move together with 
corresponding changes. The results of the F test are reported in Table 3.  
**** Table 3 about here *** 
Pairing the CNY 3M and 12M with the corresponding CNHs, we cannot reject the unity 
hypothesis (α > 0.10) that the series move together with corresponding changes. Pairing the 
CNHs and NDFs for all M, however, the estimate 3ˆ  is significantly less than unity (α <0.1), 
implying that over the long term the CNHs move to a lesser extent than do the corresponding 
NDFs for all M. Pairing the CNYs and CNHs for all M,  3ˆ  is significantly greater than unity 
in most pairs (α < 0.01), implying that over the long term the CNYs move to a greater extent 
than do the corresponding CNHs for all M.    
Our findings support our conjecture that, in general, the onshore exchange rates tend to 
move with a larger magnitude than do their offshore counterparts, suggesting a greater tendency 
for the RMB exchange rate to overshoot in the onshore market. A most plausible explanation for 
this tendency would be the less-rapid information flow in the domestic market relative to the 
offshore markets, leading traders to rely more on price movements as information, which in turn 
leads to a greater reliance on trend-following strategies. Such strategies are more likely to result 
in larger swings that involve overshooting, as well as larger corrections. A lower informational 
flow could also result in greater sensitivity of domestic participants to rumors, which could also 
lead to excessive exchange rate movements and subsequently larger reversals. 
Since all variables are I(1) with the two breakpoints, and there is cointegration with the two 
breakpoints between all onshore-offshore exchange-rate pairs, we next employ an 
error-correction model (ECM) (Sargan, 1964; Engle and Granger, 1987) to test whether there is 
any unidirectional or bidirectional relationship among the RMB onshore, offshore, and offshore 
non-deliverable forward markets. Specifically, we invoke the Johansen approach (Johansen, 
1991) to test for the statistical significance of the ECM.  
13 
 
In the ECM, the number of lags to introduce is a key decision, and various informational 
criteria could recommend different lag lengths for the explanatory variable. Thus, different 
criteria could lead to conflicting results. To avoid these complications, we estimate Eq. (2) using 
all lags from one to 10. Since we are dealing with daily markets that are open five days a week, 
except during public holidays, this implies that we account for lead-lag effects of up to two 
weeks. 
The main results of the Granger-causality test are reported in Table 4, and the detailed 
results of the estimated speeds of adjustment are reported in Table 5. The uppermost panel in 
Table 4 displays the causality results between the spot exchange rates in the onshore market 
(SPOTon) and the offshore CNH market (SPOToff). No spot rate exists for the NDF because it is 
a purely forward market. The hypothesis of no Granger causality from the onshore spot rate to 
the offshore rate is soundly rejected (α < 0.0001). As for the opposite direction, the null is 
rejected six out of 10 times (α < 0.05). Hence we conclude that there is stronger causality 
running from the onshore to the offshore spot exchange rate.  
     ****Tables 4 and 5 about here*** 
As for the causality between the forward exchange rates, the results for which are also 
shown in Table 4, we find bidirectional Granger causality between all corresponding market 
pairs, and this is true regardless of the number of lags injected into the estimating equations. The 
low means of the estimated speeds of adjustment, │α, β│< 0.072, imply that in general any 
movements away from the long-term equilibria between the various market pairs are slow to 
correct. An estimate of 0.0718, for example, at the upper limit of the means, implies a 7.18% 
adjustment back to equilibrium over the short term of a given trading day.  
Looking at the individual estimates of Table 5, there would seem to be a modestly more 
rapid return to equilibrium from the onshore spot market Granger-causing the offshore spot 
market, as the number of lags increases; none of the speeds of adjustment for the offshore spot 
causing the onshore spot, are statistically significant. And while one can cherry-pick several 
instances, such as the bidirectional causality between the NDF 12M and CNH 12M markets, 
where the speeds of adjustment tend to decline in absolute value as the number of lags increases, 
their mean estimates provide an adequate summary of their behavior.  
 
 
5. Nonlinear Causality  
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We live in a complex world, one in which we might be able to readily identify A as being related 
to B, and still further when, for example, B commonly occurs nine months after A occurs we can 
assert with some confidence that A has caused B. When dealing with economic phenomena in 
our complex and uncertain world of error-prone observations, however, we commonly can only 
speculate as to whether A is related to B, and what their precise relationship happens to be. 
While in the specific context of Granger causality any such relationship is implicitly and quite 
usefully assumed to be linear, the result of the assumption may well be to mask some important 
nonlinear connections between the two or fail to acknowledge and isolate other factors that 
impinge upon the relationship. 
To broach the potential problems posed by the presence of nonlinearities that linear Granger 
causality assumes out of existence, we apply the nonlinear Granger causality approach to the 
residuals obtained from the linear causality model of Eq. (2). A general test for nonlinear 
Granger causality is developed by Baek and Brock (1992) as later modified by Hiemstra and 
Jones (1994). Thereafter, there were many theoretical developments (see, for example, 
McCracken, 2007; Bai et al., 2010) and applications (see, for example, Rashid, 2007; Qiao, et al., 
2009). Readers may refer to Hiemstra and Jones (1994) and Bai et al. (2010) for information 
about the HJ test statistic for nonlinear Granger causality and we do not discuss it here.  
      **** Table 6 about here*** 
    In the interest of parsimony, Table 6 only reports the results of the test for a length of five 
lags. They show that there is no nonlinearity for CNH 3M to cause CNY 3M (p = 0.18) and there 
is weak (α ≤ 0.05) nonlinearity from CNH 1M to CNY 1M, NDF 6M to CNY 6M, NDF 12M to 
CNY 12M, and CNH 1M to NDF 1M. As to the rest, there exists strong (α ≤ 0.01) nonlinearity. 
Thus, we can conclude that, in general, there is a strong nonlinear bidirectional causal 
relationship between any pair of the daily exchange rates for the RMB forward markets. This in 
turn implies that the relationship between any pair of the daily exchange rates for the RMB 
forward markets is not as straightforward as Eqs. (1) and (2) presume it to be. Rather, there exist 
some nonlinear components of causality. It is, however, beyond the scope of this paper to 
attempt to identify these.  
 
6. Sub-Period Analysis  
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We repeat our analysis for the individual sub-periods to answer the basic question motivating our 
paper: Are there any cointegrating relationships among the RMB markets, and/or is there 
Granger causality within the sub-periods and if so do they differ, since the behavior of the 
exchange rates may well differ in the sub-periods? We focus solely on any such differences.  
 By visual inspection of Figure 1, the exchange rates would appear to change one month 
before each of our breakpoints and their accordant announcements related to the widening of the 
band. A cogent explanation for this is the presence of “insiders” who might have advance 
knowledge of the imminent change, say a month ahead of time, and who trade on the 
information. Thus, to choose the sub-period observations for analysis, we delete those pertaining 
to one month before, and one month after, the announced breakpoint. We delete the month after 
as it may take some time for the effects of the announcement to manifest itself in the market. 
Figure 1 supports this approach.  
**** Table 7 about here*** 
Table 7 shows that the mean in the first sub-period is the highest and those in the second 
and third sub-periods are about the same. By contrast, the standard deviation in the third 
sub-period is the smallest and those of the first and second sub-periods are about the same. The 
estimates of the average skewness are positive for all sub-periods, with that in the first 
sub-period the highest, followed by that in the third sub-period; the skewness in the second 
sub-period is the smallest. The averages of the max and min values are the highest for the first 
sub-period. The average of the max in the second sub-period, however, is larger than that in the 
third sub-period, while the average of the min in the second sub-period is smaller than that in the 
third sub-period. This is not surprising, because the average standard deviation in the second 
sub-period is three times larger than that in the third sub-period.  
To further confirm our conjecture that the exchange rates may behave differently in the 
three sub-periods, we first examine the stationarity of the data, the results for which are reported 
in Tables 8.  
**** Table 8 and 9 about here*** 
In essence, for sub-period 1 we can reject the unit-root hypothesis for all 14 exchange rates 
(α = 0.01), we can reject it for about half of them in sub-period 2, and for only two in sub-period 
3. The inference is that the exchange rates were most predictable in sub-period 1, less predictable 
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in sub-period 2, and basically random in sub-period 3. Thus, we infer that the exchange rates 
were more deterministic in the past and have only recently become more random. 
Our findings of cointegration in each sub-period, which are reported in Table 9, are also 
striking. Though the cointegration hypothesis is not rejected for all pairs of exchange rates,3 the 
cointegration coefficients are close to unity in the first sub-period, with the maximum and 
minimum values of 1.1856 and 0.8976. Their values tend to diverge from unity in the second 
sub-period, and particularly to be less than unity. The divergence from unity is especially 
pronounced in the third sub-period where their maximum and minimum values are 2.2975 and 
0.1752, respectively. This again implies that the exchange rates are more aligned in sub-period 1, 
less aligned in sub-period 2, and are more random in sub-period 3. 
**** Table 10 about here*** 
We next investigate the causality relationship between any pair of the exchange rates in 
each sub-period, and report the results in Table 10. In general, there is greater causality in 
sub-period 1, less in sub-period 2, and much less in sub-period 3. In sub-period 1, we uncover 
linear causality between all pairs of exchange rates except between the CNY 1M and the CNH 
1M, and CNY 3M only weakly Granger-causes the CNH 3M, with only lag 8 being marginally 
significant (α = 0.05).  
For the second sub-period, we find that there is no, or only weak causality, from CNYs to 
CNHs in which both CNY 3M and 6M do not Granger-cause their corresponding CNHs, while 
CNY 1M and CNY 12M weakly Granger-cause their corresponding CNHs. Moreover, we find 
that CNY 3M, 6M and 12M weakly Granger-cause their corresponding NDFs and, in general, 
the linear causality between NDFs and CNHs is weak. The linear causality in the third 
sub-period tends to be even weaker. For example, there exists reasonably strong linear causality 
from the offshore spot RMB to the onshore spot RMB (with 6 and 7 lags in the first and second 
sub-periods, respectively) and there exists very strong causality from the onshore spot RMB to 
the offshore spot RMB (with all lags highly significant for sub-periods 1 and 2). In sub-period 3, 
however, there is no evidence of Granger causality from the offshore spot RMB to the onshore 
spot RMB, while there exists only weak causality from the onshore spot RMB to the offshore 
spot RMB (with only 4 lags weakly significant at α = 0.05). The remaining relationships are 
similarly inferred from the table, and we defer to the interested reader to draw those inferences.  
                                                 
3 Though all pairs of exchange rates are not rejected to be “cointegrated” in sub-period 1, we cannot call them 
cointegrated because the stationarity hypothesis is not rejected for all series. 
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**** Table 12 about here*** 
Applying the nonlinear causality test yields the results reported in Table 12. Those for the 
first sub-period show that, as is the case for the entire period, there is in general a strong 
bidirectional nonlinear causal relationship between any pair of the daily exchange rates, which 
implies that the relationship between any pair of the markets is more complicated than is implied 
by Eqs. (1) and (2).    
The results for the other two sub-periods, however, differ from those of sub-period 1 and 
the entire period in that we detect nonlinear causality in only a few select cases. Thus we 
conclude that it is rare to observe nonlinear causality, at least in regard to the behavior of the 
exchange-rate markets.  
Finally, since we cannot reject the stationarity hypothesis for all series in the first 
sub-period, it is appropriate to apply Eq. (3) to the data for that sub-period:  
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                     (3) 
 
The results strongly reject the null of no Granger causality between the market pairs, as all 
exhibit p-values that are less than 0.0001. 
 
The procedure of the previous section is next applied to the residuals from Eq. (3), to test 
for nonlinear Granger causality in the sub-periods. We limit ourselves to only presenting the 
results for lag = 5, in Table 13. The nonlinear Granger-causality test reported in the table for 
sub-period 1 indicates that basically there exists bidirectional nonlinear information transmission 
between the spot exchange rates in the onshore market (SPOTon) and the offshore CNH market 
(SPOToff). Moreover, there is a bidirectional nonlinear information transmission between CNY 
(NDF) and CNH, inferred from the fact that nearly all the test statistics are significant, except for 
NDF 6M to CNY6M. 
**** Table 13 about here *** 
 
7. Forecasting  
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We now use the post-break-point data to see how well the causality model performs as a vehicle 
for forecasting. To do so, we employ a one-step-ahead forecast approach and compute both the 
mean absolute error (MAE) and the root mean squared error (RMSE) of the forecasts. We use 
the data ݕ௧ with t = 1 to T to get the first one-step-ahead forecast ்݂ ାଵ ൌ 	ݕො்ାଵ	and get the first 
one-step-ahead forecast error, ்݁ାଵ ൌ 	ݕ்ାଵ െ	 ்݂ ାଵ	. Thereafter, we use the data ݕ௧ with t = 2 
to T+1 to get the second one-step-ahead forecast ்݂ ାଶ ൌ 	ݕො்ାଶ	  and obtain the second 
one-step-ahead forecast error ்݁ାଶ ൌ 	ݕ்ାଶ െ	 ்݂ ାଵ	and so on, so that we obtain ்݂ ାଵ, …, ்݂ ା௡. 
The mean absolute error (MAE) of the one-step-ahead forecasts is then computed by using 
ܯܣܧ ൌ ଵ௡∑ |ݕ்ା௜ െ ்݂ ା௜|௡௜ୀଵ            (4)  
and the root mean squared error (RMSE) of the one-step-ahead forecasts is then obtained by 
using 
ܴܯܵܧ ൌ ට∑ ሺ௬೅శ೔ି௙೅శ೔ሻమ೙೔సభ ௡  .              (5) 
 
Since the conclusion drawn from using MAE for the one-step-ahead forecasts is the same as that 
from using RMSE, we only exhibit the MAE results in Table 14 for sub-periods 1, 2, and 3, 
respectively.4  
      **** Table 14 about here. 
For sub-period 1, we use data from September 8, 2010 to January 31, 2012 as our first 
estimation subsample to forecast for February 2012 as our first forecasting subsample. From 
Table 14A, the smallest MAE for testing whether there is any linear causality from SPOTon to 
SPOToff is 0.004893, which supports the hypothesis that there is causality from the onshore spot 
rate to the offshore rate. As for the opposite direction, the smallest MAE for testing whether 
there is any linear causality from SPOToff to SPOTon is 0.003882, which supports the 
hypothesis that there is causality from the SPOToff to the SPOTon. For the causality between the 
forward exchange rates, the 12 pairs of smallest MAEs suggest that there is bidirectional Granger 
causality between corresponding market pairs. Only three of them suggest there is no causality 
relationship between pairs. 
                                                 
4 The results from using RMSE are available on request.  
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For sub-period 2, we use data from May 14, 2012 to December 31, 2013 as our estimation 
subsample to forecast for January 2014. From Table 14B we see that the smallest MAE is 
0.003822, in support of the inference that there is causality from the onshore spot rate to the 
offshore rate. For the causality between forward exchange rates we see that four out of the 12 
pairs of smallest MAEs suggest that there is bidirectional Granger causality between 
corresponding market pairs. Only two of them suggest that there is no causal relationship. 
The sub-period 3 forecasts for January 2015 use data from April 17, 2014 to December 31, 
2014, and these MAEs are presented in Table 14C, the smallest of which is 0.010384, suggesting 
that there is causality from the onshore spot rate to the offshore rate. For the opposite direction, 
the smallest MAE for testing, and then inferring causality from SPOToff to SPOTon is 0.005875. 
Six out of the 12 pairs of smallest MAEs for the forward exchange rates suggest bidirectional 
Granger causality between corresponding market pairs. None of them suggest the absence of 
causality between any pair, and the inferences drawn from the results of the three tables are 
generally consistent with those previously drawn from Table 4. 
We find that forecasting in sub-period 1 supports the hypothesis that there is bidirectional 
Granger causality from the onshore spot rate to the offshore rate and supports the hypothesis that 
there is bidirectional Granger causality between corresponding market pairs of the forward 
exchange rates. Forecasting in sub-period 2 supports the hypothesis that there is causality from 
the onshore spot rate to the offshore rate and that there is bidirectional Granger causality between 
corresponding market pairs. In addition, forecasting in sub-period 3 supports the hypothesis that 
there is bidirectional Granger causality from the onshore spot rate to the offshore rate and that 
there is bidirectional Granger causality between corresponding market pairs of the forward 
exchange rates. 
In general, the results from the out-of-sample forecasts provide greater support for those of 
the in-sample estimation for the first sub-period when the time series are stationary than for the 
subsequent sub-periods when they are not. This would suggest that time-series-based forecasts 
are more reliable when the series are stationary than when they are not, a suggestion that would 
seem to make uncommonly good sense. 
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8. Discussion 
 
With breakpoints coinciding with both recent times at which the foreign-exchange band widened, 
we found significant differences between the resultant three sub-periods, thus implying that this 
policy shift has had a material impact on the RMB markets. Firstly, stationarity tests indicated 
that the exchange rates were most predictable (in the sense that the inference from the 
out-of-sample forecasting is consistent with the inference from the in-sample estimation) in 
sub-period 1, less predictable in sub-period 2, and basically random in sub-period 3. This change 
is likely caused by the vagaries of market forces, as the exchange rates moved increasingly away 
from the central bank’s predetermined rate and became more reflective of the market’s demand 
and supply. 
We also found that the causality relationships between the onshore and offshore exchange 
rates have weakened after each of the band-widening moves. This was revealed in tests for both 
linear and nonlinear causality. The weakening of the causality relationships suggests that the two 
exchange rates are increasingly in step with each other. This is consistent with what we would 
expect: the liberalization of foreign exchange controls should help close the gap between the 
onshore and offshore RMB markets. Due to the increase in the size of the permitted band of 
fluctuation, the resultant increase in exchange-rate flexibility has caused the offshore RMB to 
increasingly reflect the actions of foreign market participants whose views of the future direction 
of the currency could be diverging from the onshore rate that reflects the preferences of the 
central bank. Short-term capital flows are one source of this foreign participation. For instance, 
recent data has suggested that capital outflows from China are starting to accelerate as China’s 
economy slows, and the RMB shows signs of no longer being a one-way bet (see Figure 2). This 
puts downward pressure on the RMB. The Chinese authorities, however, prefer the 
exchange-rate stability that mitigates disruption in financial markets and preserves investors’ 
confidence in the currency. These forces pull the exchange rate in opposite directions and would 
be reflected in greater divergence between the onshore and offshore RMB levels with a 
semi-flexible currency. 
**** Figure 2 about here *** 
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9. Conclusion 
 
We have examined the impact of the Chinese government’s liberalization policy on the RMB – 
in particular the widening of the RMB band – on the interconnectedness between the onshore 
and offshore RMB markets. Because such band-widening enhances exchange-rate flexibility, one 
would expect the onshore RMB exchange rate to better reflect market forces and hence 
fundamentally change the relationship between the onshore and offshore RMB markets.  
We find that there was a change in the market dynamics of the RMB exchange rate after 
April 14, 2012 when the exchange-rate band was widened from 0.5% to 1%. This widening 
afforded greater exchange-rate flexibility, gave market forces a freer rein to determine 
exchange-rate movements, and created the first structural breakpoint in the long-term 
cointegration between the various RMB markets. The other breakpoint was on March 15, 2014 
when the band widened from 1% to 2%. We find that there is a long-term equilibrium 
relationship between any pair of onshore and offshore spot and forward markets.  
Our causality results indicate stronger causality from the onshore spot market to its offshore 
counterpart, but more balanced bidirectional causality in the forward market. This suggests an 
informational edge for the domestic market that lasts only in the very short term, probably 
because of the proximity to local events such as central bank moves, policy changes, and data 
releases. In the longer term, factors such as economic fundamentals would be relatively 
dominant, and news regarding these could emanate from China or its export markets globally.  
The magnitude of exchange-rate movements is also found to be generally larger in the 
onshore market. Less-rapid information flow domestically could have caused traders to rely 
more on price movements or rumors, which in turn leads to greater trend-following and hence 
overshooting. Cultural factors of domestic participants could have also been at work, as was 
found in the Chinese stock market by Cai et al. (2007). A higher discount rate onshore, for 
instance, would attach greater importance to shorter-term factors and hence result in greater 
volatility, since these factors are more uncertain. Greater weight on more stable long-term factors 
such as economic fundamentals would have generated more modest exchange-rate fluctuations. 
In any event, as indicated by the low absolute estimates of the speeds of adjustment, the return to 
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long-term equilibrium from any short-term departures from that equilibrium for any pair of the 
integrated RMB markets, would tend to be a very slow process, indeed.  
 
 
 
Appendix 1: The background of the Chinese currency markets 
The non-deliverable forward (NDF) market is an over-the-counter market developed for 
emerging markets with capital controls whose currencies cannot be delivered offshore. The NDF 
market is cash-settled in US$ and, as its name implies, does not involve delivery of the 
underlying currency. Given the lack of full convertibility, traditionally all offshore currency 
transactions involving the RMB were conducted in this NDF market. Hence, the RMB was 
previously centered on two markets: (1) an onshore market that was tightly controlled by the 
Chinese authorities; and (2) an offshore market based on the NDF market. 
Starting in 2007, mainland financial institutions were, subject to approval, allowed to issue 
RMB-denominated bonds in Hong Kong. This was the first step towards creating investment 
outlets for the RMB in the territory. The scope for eligible issuers was subsequently expanded. In 
January 2009, China’s central bank and the Hong Kong Monetary Authority signed a 
currency-swap agreement to provide liquidity of up to 200 billion RMB, subject to a renewable 
three-year term. Shortly thereafter, in June 2009, China launched the pilot scheme for RMB 
settlement of cross-border trade between Hong Kong and five Chinese cities, including Shanghai 
and four others in Guangdong province. In this scheme, RMB conversion between the onshore 
and offshore markets for trade-related transactions was allowed for the first time. Promoting the 
use of the RMB as a trade-settlement currency is a priority for China, since this reduces the 
currency risk faced by importers and exporters. Trade-settlement flows have since increased 
rapidly, as shown in Fig. A1. This growth trend of RMB deposits is widely expected to persist, 
as China continues to liberalize its exchange rate and establish the RMB as an international 
reserve currency. 
**** Figures A1 and A2 about here *** 
 In 2010, the Hong Kong Monetary Authority announced that it would permit the RMB to be 
transferred between accounts in Hong Kong, regardless of purpose. This was a truly significant 
change, since unlike the NDF market, which is settled in US$, such currency transactions could 
now be directly settled in RMB. The market then took off and expanded rapidly. As seen in Fig. 
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A2, save for a dip in early 2012, RMB deposits in Hong Kong have enjoyed steady growth in the 
ensuing months. Based on the International Organization for Standardization’s ISO 4217 code, 
the RMB is assigned the acronym CNH offshore, as compared to CNY for the onshore market. 
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Figure 1: Time-series plots of the daily exchange rates of the 12-month futures of CNY, NDF, 
and CNH 
 
Note: OnCNY12M, OffNDF12M, OffCNH12M denote the 12-month futures of the Chinese RMB CNY, NDF, and 
CNH markets, respectively. 
 
Figure 2: Changes to Trends: Capital Outflows and Weakening RMB 
 
5.6
5.8
6
6.2
6.4
6.6
6.8
7
9/
8/
20
10
11
/8
/2
01
0
1/
8/
20
11
3/
8/
20
11
5/
8/
20
11
7/
8/
20
11
9/
8/
20
11
11
/8
/2
01
1
1/
8/
20
12
3/
8/
20
12
5/
8/
20
12
7/
8/
20
12
9/
8/
20
12
11
/8
/2
01
2
1/
8/
20
13
3/
8/
20
13
5/
8/
20
13
7/
8/
20
13
9/
8/
20
13
11
/8
/2
01
3
1/
8/
20
14
3/
8/
20
14
5/
8/
20
14
7/
8/
20
14
9/
8/
20
14
11
/8
/2
01
4
OnCNY12M OffNDF12M OffCNH12M
26 
 
Table 1 
Summary statistics for the daily exchange rates of the Chinese RMB: onshore (CNY), offshore 
(CNH), and offshore non-deliverable forward markets (NDF). 
Variable Mean SD Skewness Kurtosis Max Min Jarque Bera 
OnRMB 6.2941 0.1688 0.7583*** -0.2091 6.7942 6.0406 100.00*** 
OffRMB 6.2900 0.1647 0.6049*** -0.4676*** 6.7750 6.0196 71.77*** 
OnCNY1M 6.3017 0.1636 0.7371*** -0.1608 6.8000 6.0443 93.82*** 
OnCNY3M 6.3151 0.1484 0.6158*** -0.0438 6.7900 6.0553 64.81*** 
OnCNY6M 6.3165 0.1322 0.4989*** 0.1496 6.7800 6.0596 43.43*** 
OnCNY12M 6.3292 0.1161 0.3210*** 0.5369*** 6.7400 6.0678 29.88*** 
OffNDF1M 6.2981 0.1603 0.5594*** -0.4472*** 6.7800 6.0270 61.93*** 
OffNDF3M 6.3122 0.1519 0.4696*** -0.3750** 6.7800 6.0362 43.64*** 
OffNDF6M 6.3281 0.1393 0.3308*** -0.2016 6.7800 6.0496 20.40*** 
OffNDF12M 6.3514 0.1179 0.0658 0.2431 6.7700 6.0741 3.26 
OffCNH1M 6.3036 0.1557 0.8408*** -0.0464 6.7934 6.0900 120.74*** 
OffCNH3M 6.3063 0.1424 0.7353*** -0.0804 6.7744 6.0890 92.54*** 
OffCNH6M 6.3089 0.1263 0.5817*** -0.0454 6.7453 6.0915 57.83*** 
OffCNH12M 6.3161 0.1016 0.2026*** 0.1573 6.7075 6.0967 8.06*** 
Average 6.3122 0.1421 0.5230 -0.0707 6.7721 6.0601 58.01 
Note: *, **, and *** denote the significance at the α = 0.10, 0.05, and 0.01 levels, respectively; the total number of observations 
for each series was 1024. 
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Table 2 Unit-root tests for the levels and differences of CNY, CNH, and NDF. 
Variable Entire period 
Perron Unit-Root Test level  difference  
Onshore RMB -2.6617 -33.2448*** 
Offshore RMB -2.895 -35.0442*** 
Onshore CNY 1M -2.7151 -40.8016*** 
Onshore CNY 3M -3.1863* -57.2152*** 
Onshore CNY 6M -2.9695 -39.7752*** 
Onshore CNY 12M -2.6914 -36.7136*** 
Offshore CNH 1M -2.9063 -35.5159*** 
Offshore CNH 3M -2.8661 -35.6163*** 
Offshore CNH 6M -2.8897 -36.4277*** 
Offshore CNH 12M -2.9781 -36.031*** 
Offshore NDF 1M -3.0652 -32.4482*** 
Offshore NDF 3M -3.1638 -31.4598*** 
Offshore NDF 6M -3.2257* -31.968*** 
Offshore NDF12M -3.3779* -30.2634*** 
Note: The entire period data have two structural breaks on April 14, 2012 and Mar 15, 2014. 
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Table 3 The results of the cointegration tests 
 
Variable Entire period 
Yt with Xt ADF Adj. R2     3ˆ  p-value 
Onshore RMB with Offshore RMB -5.4218*** 0.9852 1.02166 0.0007 
CNY 1M with CNH 1M -3.2554 0.9757 1.06754 <.0001 
CNY 3M with CNH 3M -6.3967*** 0.9707 1.09041 <.0001 
CNY 6M with CNH 6M -5.6926*** 0.9712 1.09897 <.0001 
CNY 12M with CNH 12M -4.4827*** 0.9146 1.14046 <.0001 
CNY 1M with NDF 1M -5.3029*** 0.9837 1.01787 0.006 
CNY 3M with NDF 3M -6.6249*** 0.9728 0.99466 0.4862 
CNY 6M with NDF 6M -5.7424*** 0.9781 0.97701 0.0002 
CNY 12M with NDF 12M -4.7068*** 0.9480 1.01243 0.1466 
CNH 1M with NDF 1M -3.1175 0.9620 0.89418 <.0001 
CNH 3M with NDF 3M -3.7545** 0.9745 0.88116 <.0001 
CNH 6M with NDF 6M -4.9274*** 0.9807 0.86523 <.0001 
CNH 12M with NDF 12M -5.8291*** 0.9756 0.85106 <.0001 
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Table 4 Granger-causality results for the entire period, with two breakpoints 
 
Null Hypothesis Mean of Speeds of Adjustment  
Number of times null 
rejected 
SPOToff not Cause SPOTon 0.0055 6 
SPOTon not Cause SPOToff 0.0718 10 
CNH 1M not Cause CNY 1M -0.0038 9 
CNY 1M not Cause CNH 1M 0.0474 10 
CNH 3M not Cause CNY 3M -0.0148 10 
CNY 3M not  Cause CNH 3M 0.0440 10 
CNH 6M not Cause CNY 6M -0.0325 10 
CNY 6M not Cause CNH 6M 0.0269 7 
CNH 12M not Cause CNY12M -0.0354 10 
CNY 12M not Cause CNH12M 0.0102 10 
NDF 1M not Cause CNY 1M 0.0010 10 
CNY 1M not Cause NDF 1M 0.0351 10 
NDF 3M not Cause CNY 3M -0.0066 10 
CNY 3M not Cause NDF 3M 0.0606 10 
NDF 6M not Cause CNY 6M -0.0281 10 
CNY 6M not Cause NDF 6M 0.0482 10 
NDF 12M not Cause CNY 12M -0.0238 10 
CNY 12M not Cause NDF 12M 0.0207 9 
NDF 1M not Cause CNH 1M -0.0209 10 
CNH 1M not Cause NDF 1M 0.0025 0 
NDF 3M not Cause CNH 3M -0.0234 10 
CNH 3M not Cause NDF 3M 0.0131 6 
NDF 6M not Cause CNH 6M -0.0242 10 
CNH 6M not Cause NDF 6M 0.0362 10 
NDF 12M not Cause CNH 12M -0.0132 10 
CNH 12M not Cause NDF 12M 0.0724 10 
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Table 5 Estimates of the Speeds of Adjustment for the entire period, with two breakpoints 
1 2 3 4 5 6 7 8 9 10 
0.0018 0.0037 0.0041 0.0049 0.0072 0.0023 0.0041 0.0082 0.0101 0.0083 
0.0597*** 0.0631*** 0.0627*** 0.0617*** 0.0706*** 0.0665*** 0.0724*** 0.0835*** 0.0843*** 0.0931*** 
-0.0053 -0.0034 -0.004 -0.003 -0.0008 -0.0033 -0.0038 -0.0038 -0.0049 -0.0057 
0.0510*** 0.0495*** 0.0474*** 0.0459*** 0.0492*** 0.0432*** 0.0465*** 0.0495*** 0.0463*** 0.0456*** 
-0.0167* -0.0158* -0.0146 -0.0149 -0.0116 -0.0139 -0.0134 -0.0145 -0.016 -0.0173* 
0.0467*** 0.0442*** 0.0434*** 0.0406*** 0.0443*** 0.0406*** 0.0442*** 0.0473*** 0.0456*** 0.0435*** 
-0.0377*** -0.0326*** -0.0340*** -0.0332*** -0.0282** -0.0298*** -0.0315*** -0.0306*** -0.0328*** -0.0346***
0.0305** 0.0291** 0.0267* 0.0218 0.0271* 0.0235 0.0268* 0.0294* 0.0286* 0.0260* 
-0.0408*** -0.0397*** -0.0350*** -0.0360*** -0.0330*** -0.0335*** -0.0327*** -0.0327*** -0.0349*** -0.0353***
0.0138 0.0127 0.0091 0.0043 0.0095 0.0067 0.0106 0.0132 0.0118 0.0105 
-0.0055 -0.0031 0.0007 0.0019 0.0016 0.0033 0.0015 0.003 0.0034 0.0028 
0.0389*** 0.0356*** 0.0348*** 0.0348*** 0.0345*** 0.0342*** 0.0329*** 0.0348*** 0.0347*** 0.0357*** 
-0.0162 -0.0141 -0.0075 -0.007 -0.0043 -0.0027 -0.003 -0.0043 -0.0032 -0.0035 
0.0648*** 0.0593*** 0.0622*** 0.0579*** 0.0588*** 0.0583*** 0.0590*** 0.0612*** 0.0616*** 0.0634*** 
-0.0369*** -0.0349*** -0.0320*** -0.0298** -0.0259** -0.0250** -0.0232* -0.0243* -0.0246* -0.0241* 
0.0532*** 0.0483*** 0.0488*** 0.0434*** 0.0437*** 0.0441*** 0.0462*** 0.0511*** 0.0493*** 0.0541*** 
-0.0262*** -0.0292*** -0.0255*** -0.0236*** -0.0225*** -0.0228*** -0.0224** -0.0206** -0.0230*** -0.0227** 
0.0260** 0.0208* 0.0194* 0.0159 0.0166 0.0185 0.0198* 0.0241** 0.0222* 0.0239** 
-0.0222** -0.0216** -0.0210** -0.0207** -0.0223** -0.0192* -0.0210** -0.0213** -0.0201** -0.0194* 
0.0012 0.0008 0.0019 0.0017 0.0013 0.0032 0.0026 0.0035 0.0047 0.0041 
-0.0301** -0.0259* -0.0248* -0.0242* -0.0246* -0.0214 -0.0233* -0.0215 -0.0198 -0.0185 
0.0129 0.0107 0.0127 0.0112 0.0115 0.0141 0.0137 0.0138 0.0156 0.0147 
-0.0379** -0.0341* -0.0289 -0.027 -0.0258 -0.0216 -0.0224 -0.0166 -0.0164 -0.0117 
0.0419** 0.0342* 0.0367* 0.0339* 0.0314* 0.0332* 0.0330* 0.0386** 0.0386** 0.0402** 
-0.0298 -0.026 -0.0199 -0.0216 -0.0178 -0.0121 -0.0099 -0.0001 0.001 0.0039 
0.0903*** 0.0725*** 0.0718*** 0.0659*** 0.0640*** 0.0674*** 0.0674*** 0.0737*** 0.0743*** 0.0765*** 
Note: The *, **, and *** denote the significance at 10%, 5% and 1% levels, respectively. The upper value in each cell indicates the result of the   in equation (2), 
while the lower indicates the results of the   in equation (2). The Null Hypothesis is same as Table 4, we skip to report it in this table.  
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Table 6 Nonlinear causality tests for the entire period 
Null Hypothesis Entire period 
HJ Statistic P-value 
SPOToff not Cause SPOTon 3.492697 0.000239*** 
SPOTon not Cause SPOToff 3.875297 0.000053*** 
CNH 1M not Cause CNY 1M 1.659371 0.04852** 
CNY 1M not Cause CNH 1M 3.825194 0.000065*** 
CNH 3M not Cause CNY 3M -0.906163 0.182425 
CNY 3M not Cause CNH 3M 2.646217 0.00407*** 
CNH 6M not Cause CNY 6M 3.480684 0.00025*** 
CNY 6M not Cause CNH 6M 3.149578 0.000818*** 
CNH 12M not Cause CNY 12M 3.089979 0.001001*** 
CNY 12M not Cause CNH 12M 4.427114 0.000005*** 
NDF 1M not Cause CNY 1M 3.587289 0.000167*** 
CNY 1M not Cause NDF 1M 3.227917 0.000623*** 
NDF 3M not Cause CNY 3M 3.297368 0.000488*** 
CNY 3M not Cause NDF 3M 3.61132 0.000152*** 
NDF 6M not Cause CNY 6M 2.040096 0.02067** 
CNY 6M not Cause NDF 6M 3.047809 0.001153*** 
NDF 12M not Cause CNY 12M 1.748288 0.040207** 
CNY 12M not Cause NDF 12M 3.818514 0.000067*** 
NDF 1M not Cause CNH 1M 3.573358 0.000176*** 
CNH 1M not Cause NDF 1M 1.737184 0.041177** 
NDF 3M not Cause CNH 3M 3.9735 0.000035*** 
CNH 3M not Cause NDF 3M 2.41371 0.007896*** 
NDF 6M not Cause CNH 6M 4.222841 0.000012*** 
CNH 6M not Cause NDF 6M 4.143677 0.000017*** 
NDF 12M not Cause CNH 12M 4.266055 0.00001*** 
CNH 12M not Cause NDF 12M 4.415645 0.000005*** 
Note: The *, **, and *** denote the significance at 10%, 5% and 1% levels, respectively. We report lag=5 as an example in this 
table. 
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Table 7   Summary statistics for the three sub-periods 
 
A. Sub-period 1, from Sep 8, 2010 to Mar 13, 2012 
Variable Mean SD Skewness Kurtosis Max Min Jarque Bera
OnRMB 6.4813 0.1289 0.2762** -1.0905*** 6.7942 6.2938 21.36*** 
OffRMB 6.4741 0.1147 0.1797 -0.7707*** 6.775 6.275 10.33*** 
OnCNY1M 6.4805 0.1263 0.3212** -1.0479*** 6.8 6.3002 21.59*** 
OnCNY3M 6.4683 0.1182 0.4029*** -0.8693*** 6.79 6.303 20.08*** 
OnCNY6M 6.4424 0.1068 0.6578*** -0.2882 6.78 6.302 25.93*** 
OnCNY12M 6.4104 0.1056 0.8815*** -0.1622 6.74 6.276 44.79*** 
OffNDF1M 6.4749 0.1115 0.2369* -0.6886*** 6.78 6.2915 9.98*** 
OffNDF3M 6.474 0.1062 0.3680*** -0.4799* 6.78 6.3023 11.04*** 
OffNDF6M 6.4671 0.0988 0.5920*** 0.0058 6.78 6.312 20.03*** 
OffNDF12M 6.4464 0.0872 1.0285*** 1.3358*** 6.77 6.311 85.98*** 
OffCNH1M 6.4747 0.1252 0.2972** -1.0163*** 6.7934 6.289 19.81*** 
OffCNH3M 6.4583 0.113 0.3740*** -0.7133*** 6.7744 6.2795 15.27*** 
OffCNH6M 6.4356 0.1 0.5062*** -0.1432 6.7453 6.2705 14.94*** 
OffCNH12M 6.395 0.0802 0.8380*** 1.4909*** 6.7075 6.2575 71.91*** 
Average 6.4526 0.1068 0.5386 -0.2226 6.7702 6.2911 29.96 
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B. Sub-period 2, from May 14, 2012 to Feb 17, 2014 
Variable Mean SD Skewness Kurtosis Max Min Jarque Bera
OnRMB 6.2012 0.1014 0.3314*** -1.1098*** 6.3885 6.0406 29.73*** 
OffRMB 6.1966 0.1055 0.3384*** -1.0305*** 6.389 6.0196 27.04*** 
OnCNY1M 6.2128 0.1023 0.2915** -1.1033*** 6.4045 6.0443 27.71*** 
OnCNY3M 6.2331 0.1048 0.1886 -1.1332*** 6.425 6.0553 25.38*** 
OnCNY6M 6.255 0.1091 0.0418 -1.0999*** 6.4479 6.0596 21.65*** 
OnCNY12M 6.2934 0.1167 -0.1837 -0.9772*** 6.4975 6.0678 19.39*** 
OffNDF1M 6.2075 0.1077 0.2915** -1.0575*** 6.3977 6.027 25.94*** 
OffNDF3M 6.2286 0.1116 0.2004* -1.0939*** 6.418 6.0362 24.14*** 
OffNDF6M 6.2565 0.1154 0.0733 -1.0883*** 6.4513 6.0496 21.45*** 
OffNDF12M 6.3046 0.1196 -0.0965 -1.0385*** 6.5158 6.0741 19.85*** 
OffCNH1M 6.2384 0.0843 -0.1869 -1.4064*** 6.3635 6.09 37.68*** 
OffCNH3M 6.2471 0.0888 -0.1555 -1.2922*** 6.386 6.089 31.43*** 
OffCNH6M 6.2597 0.0931 -0.1572 -1.1784*** 6.4065 6.0915 26.46*** 
OffCNH12M 6.2879 0.1008 -0.1845 -0.9944*** 6.455 6.0967 20.02*** 
Average 6.2515 0.1045 0.0138 -1.1214 6.4303 6.0647 25.13 
 
 
 
  
34 
 
C.  Sub-period 3, from April 17, 2014 to Dec 31, 2014 
Variable Mean SD Skewness Kurtosis Max Min Jarque Bera
OnRMB 6.1797 0.0455 0.1048 -1.4838*** 6.2595 6.1114 16.37*** 
OffRMB 6.1832 0.043 0.1085 -1.4209*** 6.2645 6.1143 15.06*** 
OnCNY1M 6.1966 0.0436 -0.0247 -1.5174*** 6.2684 6.1255 16.81*** 
OnCNY3M 6.2446 0.0514 -0.0946 -1.2202*** 6.3464 6.156 11.12*** 
OnCNY6M 6.2499 0.0353 0.3335* -0.8397** 6.3349 6.195 8.39** 
OnCNY12M 6.2897 0.0338 1.3457*** 1.5337*** 6.3986 6.248 69.97*** 
OffNDF1M 6.1985 0.0418 0.0308 -1.4691*** 6.2755 6.1274 15.77*** 
OffNDF3M 6.2248 0.0393 0.0591 -1.3809*** 6.2995 6.1568 14.01*** 
OffNDF6M 6.2566 0.0364 0.3786** -0.7881** 6.3458 6.196 8.71** 
OffNDF12M 6.3052 0.0338 1.2890*** 1.4080*** 6.4153 6.2605 62.92*** 
OffCNH1M 6.1612 0.0142 -0.2413 -0.8020** 6.1872 6.126 6.39** 
OffCNH3M 6.182 0.0157 0.0786 -0.9545*** 6.214 6.1475 6.82** 
OffCNH6M 6.207 0.0203 0.9926*** 0.7550** 6.2665 6.1745 32.89*** 
OffCNH12M 6.2532 0.0322 1.8846*** 3.6867*** 6.363 6.205 202.70*** 
Average 6.2237 0.0347 0.4461 -0.3209 6.3028 6.1674 34.85 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
35 
 
Table 8 Unit-root tests for the three sub-periods 
Variable Sub-period 1 Sub-period 2 Sub-period 3 
Perron Unit-Root 
Test level  difference level  difference level  difference 
Onshore RMB -4.362*** -20.2295*** -2.3916 -20.4412*** -0.2531 -13.9595***
Offshore RMB -4.5637*** -21.1407*** -2.7283 -20.1762*** -0.7184 -14.3241***
Onshore CNY 1M -4.8581*** -23.1057*** -2.8827 -23.6677*** -0.7767 -17.3727***
Onshore CNY 3M -5.4038*** -23.2476*** -4.0795*** -31.2324*** -6.3541*** -24.4714***
Onshore CNY 6M -4.887*** -22.3921*** -4.1729*** -31.8927*** -0.8413 -13.3297***
Onshore CNY 12M -3.4649** -22.8233*** -3.9575** -23.1809*** -1.1392 -12.6966***
Offshore CNH 1M -4.6643*** -21.4863*** -2.8813 -21.3621*** -0.9289 -14.0566***
Offshore CNH 3M -4.5826*** -21.5474*** -3.2655* -21.9178*** -1.0525 -13.8869***
Offshore CNH 6M -4.4889*** -22.2679*** -3.4413** -21.7845*** -1.2691 -13.7631***
Offshore CNH 12M -4.1533*** -21.7874*** -3.4103* -22.5274*** -1.7381 -13.1001***
Offshore NDF 1M -4.5665*** -19.4909*** -3.4993** -19.1648*** -4.1866*** -11.7637***
Offshore NDF 3M -4.6144*** -18.3764*** -3.7448** -19.4706*** -2.3659 -12.9895***
Offshore NDF 6M -4.4967*** -18.8145*** -3.6295** -19.8589*** -1.942 -12.1426***
Offshore NDF12M -4.4885*** -17.572*** -3.1696* -19.9236*** -1.948 -11.7229***
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Table 9 The results of the cointegration tests for the three sub-periods 
Variable Sub-period 1 Sub-period 2 Sub-period 3 
Yt with Xt ADF Adj. R2 3ˆ  p-value ADF Adj. R2 3ˆ   p-value ADF Adj. R2 3ˆ  p-value 
Onshore RMB with Offshore RMB -3.6728** 0.9397 1.0896 <.0001 -3.9260** 0.9927 0.9574 <0.0001 -5.0757*** 0.9797 1.0462 <.0001 
CNY 1M with CNH 1M -5.1901*** 0.9916 1.0047 0.3515 -1.648 0.9382 1.1765 <0.0001 -1.1896 0.2411 1.5197 0.0112 
CNY 3M with CNH 3M -4.5788*** 0.9724 1.0322 0.0007 -2.5111 0.962 1.1575 <0.0001 -5.1858*** 0.4899 2.2975 <.0001 
CNY 6M with CNH 6M -3.8517** 0.939 1.0354 0.0136 -3.3471* 0.9693 1.1539 <0.0001 -4.0499*** 0.6537 1.4104 <.0001 
CNY 12M with CNH 12M -3.2703* 0.8104 1.1856 <.0001 -2.796 0.9449 1.1255 <0.0001 -2.8043 0.6042 0.8181 0.0004 
CNY 1M with NDF 1M -3.5723** 0.9383 1.0972 <.0001 -4.6233*** 0.9937 0.947 <0.0001 -4.8339*** 0.9551 1.0215 0.203 
CNY 3M with NDF 3M -3.6691** 0.9403 1.0796 <.0001 -5.1155*** 0.989 0.9339 <0.0001 -4.6469*** 0.5524 0.9753 0.71 
CNY 6M with NDF 6M -3.6376** 0.9315 1.0438 0.0044 -4.5820*** 0.9867 0.9394 <0.0001 -3.9306** 0.9487 0.9443 0.001 
CNY 12M with NDF 12M -3.8658** 0.878 1.1343 <.0001 -3.5037** 0.9768 0.9645 <0.0001 -3.8292** 0.9311 0.9663 0.0929 
CNH 1M with NDF 1M -4.1547*** 0.9561 1.0978 <.0001 -1.5351 0.9317 0.7551 <0.0001 -2.7934 0.2601 0.1752 <.0001 
CNH 3M with NDF 3M -4.9823*** 0.9739 1.0497 <.0001 -1.8576 0.9621 0.7806 <0.0001 -3.8904** 0.68 0.3303 <.0001 
CNH 6M with NDF 6M -6.1430*** 0.9786 1.0013 0.8706 -2.2642 0.9795 0.7986 <0.0001 -4.2928*** 0.7002 0.4663 <.0001 
CNH 12M with NDF 12M -4.7084*** 0.953 0.8976 <.0001 -2.7985 0.9837 0.836 <0.0001 -4.8716*** 0.6567 0.7735 <.0001 
Note:  3ˆ  is the estimate of 3  in equation (1). ADF is the Augmented Dickey-Fuller test statistic for stationarity of the estimated residuals. All 3ˆ
are statistically significant at α = 0.01. The column “p-value” reports the p-values of the statistic to test H0: 3 = 1.   
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Table 10 Granger-causality results for the three sub-periods 
 Sub-period 1 Sub-period 2 Sub-period 3 
Null Hypothesis Mean of Speeds of Adjustment 
Number of 
times null 
rejected 
Mean of Speeds 
of Adjustment 
Number of 
times null 
rejected 
Mean of Speeds 
of Adjustment 
Number of 
times null 
rejected 
SPOToff not Cause SPOTon 0.0112 6 0.0289 7 -0.0770 0 
SPOTon not Cause SPOToff 0.0890 10 0.1477 10 0.2617 4 
CNH 1M not Cause CNY 1M -0.2092 10 0.0022 10 -0.0182 10 
CNY 1M not Cause CNH 1M 0.1020 0 0.0214 4 0.0198 4 
CNH 3M not Cause CNY 3M -0.1168 10 -0.0186 10 -0.4428 10 
CNY 3M not  Cause CNH 3M 0.0857 1 0.0245 0 0.0412 0 
CNH 6M not Cause CNY 6M -0.0929 10 -0.0468 10 -0.0446 10 
CNY 6M not Cause CNH 6M 0.0443 0 0.0224 0 0.0384 0 
CNH 12M not Cause CNY12M -0.0414 10 -0.0405 10 -0.0525 4 
CNY 12M not Cause CNH12M 0.0281 0 0.0042 6 0.0049 5 
NDF 1M not Cause CNY 1M -0.0011 10 -0.0402 10 -0.2787 10 
CNY 1M not Cause NDF 1M 0.0837 10 0.1292 10 0.1096 1 
NDF 3M not Cause CNY 3M -0.0351 10 -0.1589 10 -0.4962 10 
CNY 3M not Cause NDF 3M 0.0892 10 0.0358 3 -0.0072 0 
NDF 6M not Cause CNY 6M -0.0723 10 -0.1519 10 -0.1442 10 
CNY 6M not Cause NDF 6M 0.0672 10 0.0002 1 0.0854 0 
NDF 12M not Cause CNY 12M -0.0580 10 -0.0842 10 -0.0716 10 
CNY 12M not Cause NDF 12M 0.0433 10 -0.0127 2 0.2323 7 
NDF 1M not Cause CNH 1M 0.0437 10 -0.0175 8 -0.1142 10 
CNH 1M not Cause NDF 1M 0.1085 10 -0.0074 5 -0.1618 0 
NDF 3M not Cause CNH 3M 0.0499 8 -0.0225 3 -0.2152 8 
CNH 3M not Cause NDF 3M 0.1768 10 -0.0079 6 -0.1395 0 
NDF 6M not Cause CNH 6M -0.0058 4 -0.0356 4 -0.1226 3 
CNH 6M not Cause NDF 6M 0.2632 10 -0.0046 1 -0.0225 0 
NDF 12M not Cause CNH 12M -0.1499 10 -0.0343 10 0.0061 0 
CNH 12M not Cause NDF 12M 0.0382 10 0.0313 2 0.0425 0 
Notes: CNH, CNY, and NDF at different horizons from 1 month to 12 months, where the CNY, CNH and DNF stand for the RMB onshore, offshore and offshore 
non-deliverable forward markets, respectively. This table shows the Mean of Speeds of Adjustment and number of times the null of no Granger-causality between onshore 
and offshore RMB exchange rates is rejected with 5% level.   
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Table 11 Estimates of the Speeds of Adjustment for the three sub-periods  
Sub-period 1 Sub-period 2 Sub-period 3 
1 2 3 4 1 2 3 4 1 2 3 4 
0.0093 0.0117 0.0101 0.0128 0.0184 0.0193 0.0306 0.0275 -0.1405 -0.1593 -0.0771 -0.0947 
0.0878*** 0.0928*** 0.0865*** 0.0882*** 0.1535*** 0.1490*** 0.1544*** 0.1526*** 0.3158** 0.2721* 0.3178** 0.2410 
-0.2546*** -0.2585*** -0.2227*** -0.1995*** 0.0040 0.0042 0.0058 0.0062 -0.0146 -0.0058 -0.0101 -0.0104 
0.1204** 0.0924 0.0631 0.0737 0.0206** 0.0213** 0.0224** 0.0226** 0.0132 0.0151 0.0163* 0.0168* 
-0.1425*** -0.1488*** -0.1339*** -0.1290*** -0.0317* -0.0205 -0.0193 -0.0201 -0.5392*** -0.4934*** -0.4586*** -0.4368***
0.0892** 0.0645* 0.0604 0.0710* 0.0255* 0.0247* 0.0241* 0.0249* 0.0327** 0.0351* 0.0331* 0.0361* 
-0.1079*** -0.1055*** -0.1027*** -0.0994*** -0.0538*** -0.0529*** -0.0537*** -0.0486** -0.0519* -0.0568* -0.0396 -0.0466 
0.0586* 0.0422 0.0337 0.0311 0.0230 0.0184 0.0185 0.0208 0.0456 0.0367 0.0433 0.0405 
-0.0426** -0.0435** -0.0436** -0.0403** -0.0423*** -0.0433*** -0.0432*** -0.0409*** -0.0549* -0.0539* -0.0477 -0.0513 
0.0376* 0.0306 0.0230 0.0205 0.0048 -0.0008 -0.0001 0.0015 0.0029 0.0054 0.0101 0.0086 
-0.0052 0.0007 0.0064 0.0074 -0.0618* -0.0638* -0.0544 -0.0472 -0.4401*** -0.3505*** -0.2882*** -0.2823** 
0.0793*** 0.0824*** 0.0864*** 0.0799*** 0.1471*** 0.1210*** 0.1242*** 0.1272*** 0.0792 0.1101 0.1358 0.0962 
-0.0470* -0.0325 -0.0277 -0.0284 -0.1972*** -0.1746*** -0.1849*** -0.1794*** -0.5895*** -0.5072*** -0.4827*** -0.4377***
0.0841*** 0.0785** 0.0822*** 0.0799** 0.0573* 0.0337 0.0296 0.0316 0.0165 0.0086 -0.0069 -0.0157 
-0.0774** -0.0683** -0.0627** -0.0654** -0.1527*** -0.1575*** -0.1665*** -0.1632*** -0.1804** -0.1786* -0.1325 -0.1425 
0.0727** 0.0620* 0.0637* 0.0556 0.0076 -0.0095 -0.0138 -0.0106 0.1254 0.0863 0.1108 0.0583 
-0.0584** -0.0518** -0.0542** -0.0558** -0.0899*** -0.0884*** -0.0895*** -0.0885*** -0.1126 -0.1046 -0.0752 -0.0613 
0.0487* 0.0471* 0.0458 0.0373 -0.0083 -0.0158 -0.0194 -0.0203 0.2317** 0.2087* 0.2166* 0.1969 
0.0423* 0.0464** 0.0518** 0.0499** -0.0172 -0.0199* -0.0196* -0.0191* -0.0809*** -0.0820*** -0.0988*** -0.0959***
0.1054*** 0.1140*** 0.1269*** 0.1139*** -0.0061 -0.0100 -0.0102 -0.0089 -0.1149* -0.1161* -0.1326** -0.1341** 
0.0411 0.0523 0.0644 0.0600 -0.0232 -0.0255* -0.0267* -0.0244 -0.1717*** -0.1713*** -0.2023*** -0.2016***
0.1746*** 0.1831*** 0.2065*** 0.1852*** -0.0063 -0.0118 -0.0118 -0.0098 -0.0818 -0.0822 -0.1121 -0.1065 
-0.0035 0.0107 0.0281 0.0284 -0.0414* -0.0404* -0.0396* -0.0375 -0.1251** -0.1057* -0.1272** -0.1209* 
0.2819*** 0.2808*** 0.3120*** 0.2916*** -0.0038 -0.0090 -0.0096 -0.0072 0.0016 0.0125 -0.0186 0.0025 
-0.1593*** -0.1475** -0.1206* -0.1251* -0.0384 -0.0279 -0.0315 -0.0305 -0.0070 -0.0004 -0.0093 0.0056 
0.0996* 0.0845 0.0897 0.0645 0.0245 0.0273 0.0288 0.0319 0.0402 0.0409 0.0335 0.0455 
39 
 
Note: The *, **, and *** denote the significance at 10%, 5% and 1% levels, respectively. The upper value in each cell indicates the result of the  in equation (2), 
while the lower indicates the results of the   in equation (2). The Null Hypothesis is same as Table 10, we skip to report it in this table. We only report the results of 
the first 4 lags and skip reporting the results from lag 5 to lag 10 for simplicity. 
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Table 12 Nonlinear causality results for the three sub-periods 
Null Hypothesis Sub-period 1 Sub-period 2 Sub-period 3 
  HJ Statistic P-value HJ Statistic P-value HJ Statistic P-value 
SPOToff not Cause SPOTon 1.41049 0.079198* 2.27709 0.01139** 1.090311 0.137788 
SPOTon not Cause SPOToff 3.159708 0.00079*** 0.37789 0.352756 1.499001 0.066937** 
CNH 1M not Cause CNY 1M 1.513461 0.065081* 0.936489 0.174511 -0.195756 0.422401 
CNY 1M not Cause CNH 1M 3.548088 0.000194*** 2.201722 0.013842 -0.495306 0.310192 
CNH 3M not Cause CNY 3M 2.856531 0.002141*** -0.095596 0.461921 -1.522398 0.063955* 
CNY 3M not Cause CNH 3M 3.312709 0.000462*** 2.356077 0.009235*** -1.447884 0.073825* 
CNH 6M not Cause CNY 6M 2.540893 0.005528*** -0.250011 0.401289 1.172733 0.120451 
CNY 6M not Cause CNH 6M 2.789754 0.002637*** -0.264922 0.395535 0.32259 0.373503 
CNH 12M not Cause CNY 12M 1.910219 0.028053** 0.305231 0.380095 0.054568 0.478241 
CNY 12M not Cause CNH 12M 1.876116 0.03032** -0.628174 0.264945 0.880973 0.189166 
NDF 1M not Cause CNY 1M 2.054694 0.019954** 2.250845 0.012198** 0.387264 0.34928 
CNY 1M not Cause NDF 1M 2.907112 0.001824*** 2.245803 0.012358 0.632892 0.263402 
NDF 3M not Cause CNY 3M 1.480755 0.069336* 2.415135 0.007865*** -2.839784 0.002257***
CNY 3M not Cause NDF 3M 3.009368 0.001309*** 2.591637 0.004776*** -1.909179 0.028119** 
NDF 6M not Cause CNY 6M 0.3469 0.364333 -0.106422 0.457624 1.223249 0.110618 
CNY 6M not Cause NDF 6M 2.755296 0.002932*** 0.438173 0.33063 1.96981 0.02443** 
NDF 12M not Cause CNY 12M 0.926889 0.176992 0.700157 0.241915 -0.186687 0.425953 
CNY 12M not Cause NDF 12M 1.468539 0.070979* 1.365356 0.086071* 1.598357 0.054982* 
NDF 1M not Cause CNH 1M 2.527065 0.005751*** 1.219909 0.11125 0.094459 0.462372 
CNH 1M not Cause NDF 1M 2.343423 0.009554*** 0.284757 0.387915 0.903107 0.183235 
NDF 3M not Cause CNH 3M 2.391395 0.008392*** 1.714116 0.043254** 0.538444 0.295135 
CNH 3M not Cause NDF 3M 2.190202 0.014255** -0.417546 0.33814 0.125321 0.450135 
NDF 6M not Cause CNH 6M 1.823817 0.03409** 0.417607 0.338117 0.801962 0.211287 
CNH 6M not Cause NDF 6M 2.905586 0.001833*** 1.124359 0.13043 0.897921 0.184614 
NDF 12M not Cause CNH 12M 1.732768 0.041568** 1.039462 0.149295 0.152333 0.439462 
CNH 12M not Cause NDF 12M 2.39548 0.008299*** 0.816665 0.20706 -0.12135 0.451707 
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Table 13 The Linear and Non-linear Granger-causality test for Sub-period 1 
Null Hypothesis 
Number of 
times null 
rejected 
Nonlinear causality 
HJ Statistic P-value 
SPOToff not Cause SPOTon 10 1.292079 0.098165* 
SPOTon not Cause SPOToff 10 3.202565 0.000681*** 
CNH 1M not Cause CNY 1M 10 2.017956 0.021798** 
CNY 1M not Cause CNH 1M 10 3.412427 0.000322*** 
CNH 3M not Cause CNY 3M 10 3.116184 0.000916*** 
CNY 3M not  Cause CNH 3M 10 3.213572 0.000655*** 
CNH 6M not Cause CNY 6M 10 2.707032 0.003394*** 
CNY 6M not Cause CNH 6M 10 2.658915 0.00392*** 
CNH 12M not Cause CNY12M 10 2.356196 0.009232*** 
CNY 12M not Cause CNH12M 10 2.496223 0.006276*** 
NDF 1M not Cause CNY 1M 10 2.163885 0.015237** 
CNY 1M not Cause NDF 1M 10 2.890733 0.001922*** 
NDF 3M not Cause CNY 3M 10 1.750888 0.039983** 
CNY 3M not Cause NDF 3M 10 2.941823 0.001631*** 
NDF 6M not Cause CNY 6M 10 0.596292 0.27549 
CNY 6M not Cause NDF 6M 10 2.628077 0.00429*** 
NDF 12M not Cause CNY 12M 10 0.325281 0.372484 
CNY 12M not Cause NDF 12M 10 1.446541 0.074013* 
NDF 1M not Cause CNH 1M 10 2.268229 0.011658** 
CNH 1M not Cause NDF 1M 10 2.782559 0.002697*** 
NDF 3M not Cause CNH 3M 10 2.301609 0.010679** 
CNH 3M not Cause NDF 3M 10 2.663271 0.003869*** 
NDF 6M not Cause CNH 6M 10 1.79169 0.036591** 
CNH 6M not Cause NDF 6M 10 3.576594 0.000174*** 
NDF 12M not Cause CNH 12M 10 1.637788 0.050733* 
CNH 12M not Cause NDF 12M 10 2.47747 0.006616*** 
Note: *, **, and *** denote the significance at 10%, 5% and 1% levels, respectively. We report lag=5 as an  
example for Nonlinear causality in this table. 
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Table 14 The results of the one-step-ahead forecast during each Sub-period 
 
 Sub-period 1 Sub-period 2 Sub-period 3 
Null Hypothesis 1 2 3 4 1 2 3 4 1 2 3 4 
SPOToff not Cause SPOTon 0.0041 0.0041 0.0041 0.0042 0.0033 0.0033 0.0033 0.0033 0.0064 0.0063 0.0064 0.0065 
SPOToff Cause SPOTon 0.0041 0.0042 0.0042 0.0042 0.0034 0.0033 0.0033 0.0034 0.0061 0.0059 0.0059* 0.0061 
SPOTon not Cause SPOToff 0.0050 0.0051 0.0051 0.0051 0.0040 0.0040 0.0040 0.0040 0.0107 0.0103 0.0104 0.0106 
SPOTon Cause SPOToff 0.0053 0.0052 0.0052 0.0051 0.0038* 0.0039 0.0039 0.0039 0.0106 0.0105 0.0107 0.0104*
CNH 1M not Cause CNY 1M 0.0037 0.0039 0.0040 0.0042 0.0042 0.0042 0.0042 0.0042 0.0074 0.0080 0.0082 0.0083 
CNH 1M Cause CNY 1M 0.0033 0.0031* 0.0032 0.0033 0.0039 0.0040 0.0041 0.0040 0.0070* 0.0074 0.0077 0.0079 
CNY 1M not Cause CNH 1M 0.0040 0.0041 0.0041 0.0041 0.0026 0.0026 0.0026 0.0026 0.0050 0.0051 0.0052 0.0050 
CNY 1M Cause CNH 1M 0.0040 0.0041 0.0042 0.0041 0.0026 0.0025* 0.0026 0.0026 0.0048* 0.0052 0.0051 0.0050 
CNH 3M not Cause CNY 3M 0.0046 0.0045 0.0045 0.0046 0.0154 0.0155 0.0158 0.0161 0.0310 0.0295 0.0296 0.0284 
CNH 3M Cause CNY 3M 0.0042 0.0037 0.0037 0.0038 0.0152 0.0150* 0.0155 0.0157 0.0307 0.0292 0.0295 0.0287 
CNY 3M not Cause CNH 3M 0.0048 0.0049 0.0049 0.0047 0.0027 0.0027 0.0027 0.0027 0.0074 0.0072 0.0073 0.0075 
CNY 3M Cause CNH 3M 0.0049 0.0050 0.0048 0.0048 0.0029 0.0030 0.0034 0.0034 0.0074 0.0072 0.0072 0.0075 
CNH 6M not Cause CNY 6M 0.0049 0.0045 0.0046 0.0047 0.0098 0.0099 0.0101 0.0098 0.0088 0.0090 0.0090 0.0092 
CNH 6M Cause CNY 6M 0.0049 0.0038* 0.0039 0.0040 0.0095* 0.0097 0.0099 0.0098 0.0086* 0.0089 0.0093 0.0095 
CNY 6M not Cause CNH 6M 0.0062 0.0062 0.0062 0.0060 0.0036 0.0036 0.0036 0.0036 0.0093 0.0093 0.0092 0.0097 
CNY 6M Cause CNH 6M 0.0066 0.0066 0.0064 0.0064 0.0036 0.0036 0.0037 0.0037 0.0089* 0.0095 0.0098 0.0102 
CNH 12M not Cause CNY 12M 0.0053 0.0049 0.0049 0.0049 0.0042 0.0043 0.0043 0.0043 0.0096 0.0100 0.0100 0.0101 
CNH 12M Cause CNY 12M 0.0051 0.0040 0.0040 0.0042 0.0040* 0.0041 0.0042 0.0041 0.0088* 0.0093 0.0092 0.0092 
CNY 12M not Cause CNH 12M 0.0077 0.0078 0.0075 0.0073 0.0040 0.0039 0.0038 0.0038 0.0115 0.0111 0.0110* 0.0115 
CNY 12M Cause CNH 12M 0.0083 0.0084 0.0081 0.0075 0.0041 0.0040 0.0041 0.0042 0.0113 0.0121 0.0122 0.0125 
NDF 1M not Cause CNY 1M 0.0037* 0.0039 0.0040 0.0042 0.0041 0.0042 0.0043 0.0043 0.0051 0.0051 0.0051 0.0050 
NDF 1M Cause CNY 1M 0.0038 0.0040 0.0040 0.0043 0.0041 0.0042 0.0043 0.0044 0.0048* 0.0049 0.0050 0.0050 
CNY 1M not Cause NDF 1M 0.0050 0.0050 0.0050 0.0050 0.0042 0.0043 0.0043 0.0043 0.0114 0.0110 0.0110 0.0112 
CNY 1M Cause NDF 1M 0.0054 0.0051 0.0051 0.0053 0.0042* 0.0043 0.0045 0.0045 0.0110 0.0108* 0.0108 0.0110 
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NDF 3M not Cause CNY 3M 0.0046 0.0115 0.0116 0.0125 0.0150 0.0149 0.0153 0.0156 0.0300 0.0297 0.0302 0.0300 
NDF 3M Cause CNY 3M 0.0045* 0.0124 0.0122 0.0131 0.0149 0.0149* 0.0152 0.0155 0.0296 0.0296 0.0304 0.0300 
CNY 3M not Cause NDF 3M 0.0051* 0.0114 0.0115 0.0115 0.0047* 0.0048 0.0048 0.0048 0.0123 0.0119 0.0120 0.0124 
CNY 3M Cause NDF 3M 0.0059 0.0109 0.0109 0.0114 0.0049 0.0054 0.0058 0.0059 0.0123 0.0119 0.0119 0.0123 
NDF 6M not Cause CNY 6M 0.0049 0.0072 0.0074 0.0080 0.0093* 0.0094 0.0098 0.0094 0.0079 0.0081 0.0082 0.0082 
NDF 6M Cause CNY 6M 0.0045* 0.0085 0.0087 0.0095 0.0094 0.0096 0.0099 0.0095 0.0077* 0.0082 0.0078 0.0079 
CNY 6M not Cause NDF 6M 0.0061* 0.0115 0.0115 0.0115 0.0050 0.0049 0.0050 0.0050 0.0131 0.0126* 0.0127 0.0130 
CNY 6M Cause NDF 6M 0.0068 0.0105 0.0106 0.0107 0.0050 0.0050 0.0055 0.0054 0.0128 0.0135 0.0139 0.0134 
NDF 12M not Cause CNY 12M 0.0053 0.0056 0.0057 0.0059 0.0039 0.0040 0.0039 0.0039 0.0087 0.0090 0.0089 0.0090 
NDF 12M Cause CNY 12M 0.0049* 0.0074 0.0079 0.0081 0.0039 0.0039 0.0041 0.0041 0.0086 0.0091 0.0083* 0.0084 
CNY 12M not Cause NDF 12M 0.0067* 0.0107 0.0106 0.0107 0.0060 0.0062 0.0062 0.0062 0.0145 0.0144 0.0145 0.0148 
CNY 12M Cause NDF 12M 0.0070 0.0104 0.0106 0.0104 0.0060 0.0061 0.0063 0.0063 0.0143* 0.0157 0.0159 0.0160 
NDF 1M not Cause CNH 1M 0.0040* 0.0201 0.0196 0.0196 0.0026* 0.0026 0.0026 0.0026 0.0051 0.0051 0.0051 0.0050 
NDF 1M Cause CNH 1M 0.0041 0.0191 0.0188 0.0183 0.0026 0.0026 0.0027 0.0027 0.0048* 0.0049 0.0050 0.0050 
CNH 1M not Cause NDF 1M 0.0050* 0.0122 0.0123 0.0124 0.0046 0.0047 0.0047 0.0047 0.0114 0.0110 0.0110 0.0112 
CNH 1M Cause NDF 1M 0.0057 0.0122 0.0120 0.0117 0.0045* 0.0046 0.0046 0.0046 0.0110 0.0108* 0.0108 0.0110 
NDF 3M not Cause CNH 3M 0.0048* 0.0219 0.0211 0.0210 0.0027 0.0027 0.0027 0.0027 0.0076 0.0074 0.0075 0.0076 
NDF 3M Cause CNH 3M 0.0049 0.0211 0.0205 0.0199 0.0027 0.0027 0.0027 0.0027 0.0076 0.0074 0.0078 0.0078 
CNH 3M not Cause NDF 3M 0.0051* 0.0114 0.0115 0.0115 0.0047 0.0048 0.0048 0.0048 0.0126 0.0121 0.0122 0.0126 
CNH 3M Cause NDF 3M 0.0054 0.0099 0.0098 0.0093 0.0046 0.0047 0.0047 0.0046* 0.0123 0.0120* 0.0121 0.0124 
NDF 6M not Cause CNH 6M 0.0062 0.0196 0.0190 0.0185 0.0035 0.0035 0.0035 0.0035 0.0091 0.0092 0.0091 0.0095 
NDF 6M Cause CNH 6M 0.0061* 0.0194 0.0192 0.0184 0.0035 0.0034 0.0035 0.0034 0.0092 0.0092 0.0098 0.0100 
CNH 6M not Cause NDF 6M 0.0062 0.0115 0.0115 0.0115 0.0051 0.0051 0.0051 0.0051 0.0127 0.0124 0.0125 0.0128 
CNH 6M Cause NDF 6M 0.0058* 0.0109 0.0109 0.0104 0.0051 0.0051 0.0051 0.0050 0.0129 0.0126 0.0128 0.0134 
NDF 12M not Cause CNH 12M 0.0077* 0.0211 0.0205 0.0197 0.0040 0.0038 0.0038 0.0038 0.0115 0.0112 0.0111* 0.0116 
NDF 12M Cause CNH 12M 0.0082 0.0203 0.0202 0.0195 0.0041 0.0040 0.0039 0.0040 0.0116 0.0114 0.0116 0.0122 
CNH 12M not Cause NDF 12M 0.0067 0.0107 0.0106 0.0107 0.0060 0.0062 0.0062 0.0062 0.0139 0.0139* 0.0140 0.0142 
CNH 12M Cause NDF 12M 0.0072 0.0111 0.0111 0.0109 0.0059 0.0060 0.0060 0.0060 0.0140 0.0141 0.0142 0.0149 
Note: * denotes the smallest mean absolute error between the pair of opposite hypotheses. We only report the results of the first 4 lags for each period and skip 
reporting the results from lag 6 to lag 10 for simplicity.
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Figure A1. Remittances for Yuan cross-border trade settlement with Hong 
Kong.banks
 
Source: Bloomberg 
 
Figure A2. Yuan deposits in Hong Kong 
 
Source: Bloomberg 
 
